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a global estimate of 3D RT effects

- 2D MMF data + SW and LW MC algorithms

RT and climate modelling

- how advanced are we?

- prospects for 3D RT

- examples of McICA noise impacts
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A global estimate of 3D RT effects
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Cole, Barker, O’Hirok, Clothiaux, Khairoutdinov, and Randall, 2005:
Atmospheric Radiative Transfer Through Global Arrays of 2D
Clouds. In press: Geophys. Res. Lett.

MMF-GCM:

- 2D CSRM in each GCM column

- = 4 km

- every 9 hrs for Dec. 2000

- 3D MC for SW and LW:

- Sun incident parallel to CSRM fields

- domain average profiles: 10 photons/field
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SW heating rate
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How important are 3D effects at < 4 km?x

for small :x
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Some practical issues regarding 3D RT and climate modelling
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Is it worth the effort of accounting for 3D effects in GCMs?

- E(McICA) = E(ICA) (+ controllable conditional ran. err.)

- stochastic methods: feasible? how 3D are they?

- E(stochastic) E(3D) (+ uncontrollable ran. err.)

- synthetic fields + 3D MC (10 ): feasible | justifiable?

3D MC (10 ) in MMF?

- good for domain averages, but... Cole et al. (2005)
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Has anything been gained?

How much has been gained?
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The Monte Carlo Independent Column Approximation: A Stopgap Solution?

stochastic generation of unresolved cloud

a complete separation of
optical characteristics
from the RT solver!
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! funded by Atmospheric Radiation Measurement (ARM) Programme

- fixed SSTs and sea ice

- 15 day simulations ; 10-member ensembles

- divergence(noise)

- ~5 GCMs: CCC, GFDL, NCAR, ECMWF, ECHAM, (GEM, CSU)

- ultimately multi-year with interactive ocean
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Extending the McICA Method
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cloud microphysics:

- ice crystal habit and size distribution

- un(un)resolved variability:

- for ICA... Cairns et al.; Petty ; Marshak et al.

lower boundary condition:

- distribution of surface types (albedo, emissivity)
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Equations for atmospheres and clouds Equations for vegetation

Multi-layer canopy as extension of the atmosphere

two-stream solution

B. Pinty, GRC 2005



1 - 10 km

two, thin canopy layers ( , ; )
+

underlying surface

r t LAI*
~

stochastically generated subcolumn

based on info from GCM
and assumptions

- no gases, clouds, aerosols
- areas of vegetation types
- areas of underlying surfaces
- correlations with clouds



Summary
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worth worrying about 3D (vs. ICA)?

parametrize 3D RT in GCMs before MMF makes it explicit?

McICA noise experiments

extensions to surface, ice habits, etc...


